Simulating hypoxia-induced acidic environment in cancer cells facilitates mobilization and redox-cycling of genomic copper by daidzein leading to pro-oxidant cell death: implications for the sensitization of resistant hypoxic cancer cells to therapeutic challenges.
This study was conducted to investigate the mechanism of action involved in the anti-cancer activity of daidzein and identification of cancer specific micro-environment as therapeutic target of this secondary metabolite derived from soy. Our data indicated that daidzein induces cellular DNA breakage, anti-proliferative effects and apoptosis in a concentration-dependent manner. We demonstrated that such a daidzein-induced anti-cancer action involves a copper-dependant pathway in which endogenous copper is mobilized by daidzein and redox-cycled to generate reactive oxygen species which act as an upstream signal leading to pro-oxidant cell death. Further in the context of hypoxia being a resistant factor against standard therapies and that an effect secondary to hypoxia is the intracellular acidification, we show that the anticancer activity of daidzein is modulated positively in acidic pH but copper-specific chelator is still able to inhibit daidzein activity. Moreover, an experimental setup of hypoxia mimic (cobalt chloride) revealed an enhanced sensitivity of cancer cells to the cytotoxic effects of daidzein which was neutralized in the presence of neocuproine. The findings support a paradigm shift from the conventional antioxidant property of dietary isoflavones to molecules capable of initiating a pro-oxidant signaling mediated by reactive oxygen species. Further, the clinical relevance of such an action mechanism in cancer chemoprevention is also proposed. This study identified endogenous copper as a molecular target and acidic pH as a modulating factor for the therapeutic activity of daidzein against cancer. The evidence presented highlights the potential of dietary agents as adjuvants to standard therapeutic regimens.